Electrostatic activation of Escherichia coli methionine repressor.
The three-dimensional structure of the Escherichia coli methionine repressor (met repressor) is relatively unperturbed by the binding of its corepressor, S-adenosylmethionine (SAM), and of operator DNA. The positively charged corepressor binds to sites on the repressor remote from the DNA-binding site, and despite the lack of induced structural change is able to raise the affinity for operator DNA by a factor of up to 1000. Neutral corepressor analogues also bind to the repressor, but do not increase operator affinity. These observations suggest that the corepressor effect may be electrostatic. Using the program DELPHI, we have calculated electrostatic potentials for the repressor and its complexes, and have obtained results consistent with an electrostatic model for repressor activation. The positive potential originating from the corepressor is propagated through the repressor-operator complex, and is significant at DNA phosphate groups buried in the protein-DNA interface. The rank order of calculated electrostatic interaction energies for complexes with SAM, and two closely-related analogues, is in agreement with experimental measurements of the corresponding repressor-operator affinities. Long-range (> 10 A) electrostatic interactions between bound corepressor and operator phosphate groups in the repressor-operator complex may be sufficient to explain repressor activation Met repressor could, therefore, be an electrostatically triggered genetic switch.